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m i i s  report  descr ibes  work which has been completed during the  period from 
Sept.  4 t o  D e c .  4, 1965, t he  present  s t a t u s ,  and the  fu tu re  plans f o r  the  e f f o r t  
being performed by the  General Electric Company under Contract NAS 3-6467 from 
the  National Aeronautics and Space Aministration. The objec t ive ,  as out l ined  i n  
the cont rac t ,  i s  t o  develop and des ign  ground prototype AC c i r c u i t  breakers and 
DC engine contactors ,  su i t ab le  f o r ,  and tes ted  under, expected launch and space 
requirements. The Breakers w i l l  be  rated 1000 v o l t s ,  600 amperes, 2000 cps, while 
the DC Contactors w i l l  have a r a t i n g  of 10,000 v o l t s ,  10 amperes. 
Management of the  program f o r  General E l e c t r i c  Company has been assigned t o  
A .  H .  Powell, Manager - E l e c t r i c a l  Systems, Space Power and Propulsion Section. 
Consulting Engineer i s  R. N .  Edwards, SPPS. Project  Engineer for overa l l  design 
i s  E .  F. Travis of the Research and Development Center i n  Schenectady. Project  
Engineer f o r  Capsule Assembly and Welding Techniques is  W. R. Young of the  Space 
Power and Propulsion Sect ion.  Contributors t o  t h i s  repor t ,  i n  addi t ion t o  
Messers. Powell, Travis ,  and Young include G .  Gati of SPPS. 
M r .  E .  A .  Koutnik of t h e  National Aeronautics and Space Administration i s  
the Technical Manager f o r  t h i s  codtract .  
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I .  INTRODUCTION 
This program is  a continuation of t h e  E l e c t r i c a l  Switchgear development 
and inves t iga t ion  work which w a s  completed under Contract NAS 3-2546 with the 
successful  in te r rupt ion  of over 20 amperes a t  10,000 v o l t s  DC, and over 1800 
amperes a t  1200 v o l t s ,  2000 cycles  per second. 
The goals for t h i s  program, Contract NAS 3-6467, were es tab l i shed  so as  
t o  provide d e t a i l  background information and knowledge on which f i n a l  f l i g h t  
hardware f o r  planned Nuclear Space Power Systems of 1 t o  4 megawatts capacity 
could be b u i l t .  The breaker i s  being developed t o  have a r a t i n g  of 600 amperes 
(1000 to 3000 cps) and 1000 v o l t s ,  and the  contactor  t o  handle 10 amperes a t  
10,000 v o l t s  Dc. 
Development e f f o r t  on t h i s  contract  w i l l  r e s u l t  i n  bui lding and t e s t i n g  
ground prototype Breakers and Contactors which can withstand launch environment 
(mechanical) conditions.  a s  well a s  expected space conditions including low 
pressure ,  high temperature, and radiat ion.  The devices a re  a l so  to  be able  t o  
successfu l ly  in t e r rup t  shor t  c i r c u i t s  of twice normal current  ra t ings .  
- 
Program Management i s  centered i n  the  Space Power and Propulsion Section 
of t he  General E l e c t r i c  Company i n  Etendale, The major development work is 
being done a t  the  Research and Development Center i n  Schenectady, with technical  
and test ass i s tance  from o the r  Laboratories and Departments of the Company. 
The long t i m e  endurance and a l l  interrupt ion tests w i l l  be made a t  SPPS, 
v ib ra t ion  and mechanical tests i n  Schenectady, and the  acoust ic  and accelerat ion 
tests i n  the RSD Mechanical Testing Laboratory i n  Phi ladelphia .  
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11. SUMMARY ,5788 
During the four th  quar te r ly  period of t h i s  program, the balance of t h e  raw 
material w a s  procured, a l l  fabr ica t ion  s t a r t e d  and many p a r t s  including i t e m s  f o r  
t h e  vacuum capsule del ivered.  P l a n s  fnr foetizg zx! Zic Ej2iiC:lai program s t a t u s  
vas reviewed with the cognizant NASA Technical Management a t  Cleveland on Sept. 28 .  
A r e v i c e d  sche&tle and PEXT iiiagram f o r  completing the  cont rac t  was prepared, and 
is up-dated f o r  inclusion with t h i s  report .  
In t h i s  repor t ,  d e t a i l  information i s  presented under major component headings 
( In t e r rup te r ,  Actuator, Test  Plans,  e t c .  ). Engineering design e f f o r t  has been a t  
a minimum while p a r t s  a r e  being b u i l t ,  but appreciable e f f o r t  was devoted t o  
developing the various assembly techniques and to  d e t a i l i n g  the test spec i f i ca t ions  
and procedures . 
There have been no insurmountable problems: and while de l ive r i e s  of some v i t a l  
p a r t s  such as spr ings,  f l exura l s ,  and ceramic assemblies have held up c e r t a i n  
assembly s t a r t i n g  da te s ,  the end dates f o r  test completion appear a t t a inab le .  A 
d e t a i l  study of f a c i l i t i e s  f o r  the interrupt ion ( e l e c t r i c a l )  t e s t i n g  has resu l ted  
i n  a decis ion t o  make these tests a t  SPPS. With t h i s  change i t  w i l l  be possible  
t o  u t i l i z e  a vacuum tank which i s  avai lable  so t h a t  with a minimum f a c i l i t y  ex- 
Q L u 6  pendi tures ,  r e a l i s t i c  ( i n  vacuum) tests can be conducted. 
The schedule ind ica tes  t h a t  during the  next quar te r ly  period the  f i r s t  breaker 
and contactor  w i l l  have been assembled, the devices set up i n  the  vacuum tank, and 
t e s t i n g  s t a r t ed .  Set up f o r  the  interrupt ion tests w i l l  be w e l l  underway. 
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111. VACUUM INTERRUPTER 
The sealed vacuum capsule i s  mounted i n  a supporting s h e l l ,  and the overa l l  
assembly becomes the  vacuum in te r rupter .  I t  is  the lower pa r t  of the  complete 
device shown i n  sketch form i n  Figure 1. This sec t ion  of t he  report  w i l l  t e l l  of 
d e t a i l  a c t i v i t y  i n  connection with t h e  i n t e r rup te r .  
A) Vacuum Capsule 
The vacuum capsule, shown in  sketch form i n  Figure 2, involves major 
assembly and jo in ing  problems, which have been under d e t a i l  study. The moly- 
bdenum contacts  w i l l  be brazed t o  the  rodar end spinnings and amzirc f langes.  
The alumina (ceramic) s h e l l s  (with t h e i r  rodar spinnings) w i l l  be attached t o  the  
bellows and end spinnings by e lec t ron  beam welding. 
The braze f o r  the  contact assembly w i l l  be made using a Nicuro type 80 
braze a l loy  (Ni-3; Au-82; Cu-15) which m e l t s  a t  910°C. 
manufacturing p r o c F u r e  i s  included i n  t h i s  report  as Appendix A. 
a l s o  includes d e t a i l s  fo r  the i n e r t  gas welding (such as used t o  a t t a c h  the  
s t a i n l e s s  steel ion pump tube t o  thebwer  end spinning) as w e l l  as the e lec t ron  
beam welding mentioned e a r l i e r .  
A d r a f t  of the proposed 
The write-up 
P a r t s  f o r  t he  end pieces have been received, and a photograph of typ ica l  
i t e m s  i s  included i n  t h i s  report  a s  Figure 3. A l l  p a r t s  a r e  now undergoing d e t a i l  
check f o r  dimensions and f i n i s h ,  p r io r  to  assembly. When the  molybdenum contac ts  
have been brazed t o  the  amzirc, reference numbers w i l l  be assigned f o r  fu tu re  use  
and photographs of the  ac tua l  contact surface (a t  10  t i m e s  normal s i z e )  w i l l  be 
made for use i n  comparison checking with the  same contac ts  a f t e r  a l l  tests a re  
complete. 
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The spec ia l  bellows are a l so  ava i lab le ,  and have been leak checked. The 
-8  q u a l i t y  cont ro l  report  s t a t e d  t h a t  t h e  u n i t s  had no leakage i n  excess of 1 x 10 
cc/sec. Helium, ind ica t ing  an acceptable condition f o r  the Switchgear capsules.  
1. Ion Pump and A i r  Cooling 
+E n,,mn .. r L i  ^ L -.z -I -I 1- - 
nlrAl UI= diiachea T;O the  vacuum capsule, c a r r i e s  a r a t i n g  
of 0.5 l i ters per  second of Hydrogen, and w i l l  a i d  i n  maintaining t h e  capsule 
vacuum wnen it  i s  a t  operat ing temperature, with the  l imi ted  amount of outgassing 
expected f r o m  t he  metal pa r t s .  The d e t a i l s  on t h i s  problem and est imate  of out- 
gassing volume w a s  covered i n  the  second quar te r ly  report  which a l so  re,>orted the 
decis ion t o  use  an  ion pump t o  he lp  maintain the  capsule a t  10 Torr ,  o r  lower, 
pressure.  
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0 A temperature of 300 F i s  considered the maximum f o r  the pump (although the 
magnet could stand a higher temperature) i n  order t o  obtain the  required capacity.  
To keep the  pump within t h i s  l i m i t  i t  i s  necessary t o  c i r c u l a t e  cooling a i r  
around i t .  This a i r  w i l l  be brought i n t o  t h e  pump from outs ide the tank through 
a co-axial a i r  l i n e  hose which i s  shown by the sketch i n  Figure 4 .  
In  the sketch of the a i r  l i n e ,  i t  w i l l  be noted t h a t  a clamp (1) is used 
t o  a t t a c h  a t e f lon  hose (2) t o  t he  inner s h e l l  of the ion  pump housing. The 
hose c a r r i e s  the  incoming cool a i r  and a l s o  the t e f lon  insu la ted  high voltage 
cable  (4) from t h e  pump power supply. A t  the  outer  end of the hose, ou ts ide  
the  vacuum tank, a i r  is  brought i n  through a su i t ab le  f i t t i n g  (10). 
The incoming a i r  hose i s  placed inside a s t a i n l e s s  steel pipe made up of a 
s t r a i g h t  sect ion (3), a f l e x i b l e  (bellows) length (5) and another tube (7), with 
an i n s u l a t o r  ( 6 )  near the tank w a l l  t o  i s o l a t e  the pump and vacuum capsule from 
ground. The e n t i r e  assembly i s  i n s t a l l e d  from ins ide  the  tank through a feed- 
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thru (9) with tube ( 8 ) ,  welded i n t o  place a t  the  outer  end. The s t r a i g h t  
s e c t i o n  (3) and pump housing w i l l  be heavily heat  shielded t o  make the pump 
heat  removal a f e a s i b l e  t a s k  using a reasonable amount of air .  
The m a g n e t  f o r  t h e  pump i s  being obtained'with approximately a .015" 
radial ~1pzrl_n_c= SG that the l i v e r - a l l  pump assembly w i l l  include t h e  c ross  
sec t ion  a reas  shown i n  Figure 5. Based on these dimensions, and the  se lec ted  
hose and tube s i z e s ,  a i r  flow and heat t r a n s f e r  has been ca lcu la ted  a s  shown 
i n  Appendix B. The r e s u l t s  are given i n  Table 1. 
2. Final  Assembly of Capsule 
Assembly of the  p a r t s  and sub-assemblies t o  provide the complete and 
sealed-off capsule, involves a number of s t e p s ,  spec ia l  bake-out temperatures, 
and processing techniques. The planned procedure, which has been developed, i s  
covered i n  a manufacturing spec i f ica t ion  now i n  preparation. I t  i s  included i n  
d r a f t  form i n  t h i s  repor t  as Appendix C. 
B) I n t e r  rup t e  r-Overall Arrangement 
The vacuum capsule i s  b u i l t  f o r  u s e  i n  both the AC c i r c u i t  breaker and the 
DC engine contactor.  To bui ld  the 1000 vo l t  AC breaker, shown i n  Figure 1, heat  
r a d i a t i n g  f i n s  a r e  attached t o  the  amz i rc  f langes of the capsule by a heat shrink 
process.  The u n i t  i s  then placed inside the copper enclosing s h e l l ,  supported 
on ceramic in su la t ion ,  and terminals are attached a s  described i n  d e t a i l  i n  the  
t h i r d  quar te r ly  report .  
S imi la r ly ,  the  bas ic  capsule is  mounted i n  a shor te r  enclosing s h e l l  made 
of n i c k e l ,  with grea te r  insu la t ion  than i n  the  breaker u n i t , t o  provide the 10  KV 
DC contac tor ,  N o  heat r ad ia to r s  are  required because the  10  ampere load cur ren t  
w i l l  not r e s u l t  i n  any appreciable tempera ture  rise. 
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P a r t s  f o r  the  in t e r rup te r  assembly are now being received, and the  f i r s t  
u n i t  should be assembled by e a r l y  i n  January. The spr ings have required spec ia l  
considerat ion,  f o r  although they are being made of Inconel X, the  expected 
operat ing temperature (1150 P i n  t he  breaker) and high continuous loading requires  
yru-AuI ..rcIL a- bAaL6 L . = b a a A A A 3 u G ~  C.U AGUUGS creep a i r i  ciiange i n  c n a r a c t e r i s t i c s  
during t h e  1000 hour endurance test .  
0 
-rrrr,.;n~ L--+ - . . c L ~ - -  +--b-<-.--- A- 
The r ad ia to r s  f o r  the breaker,  as w e l l  as the  ins ide  of t he  s h e l l  opposite 
t he  r ad ia to r s ,  is  t o  be covered with an i ron  t i t a n a t e  coating. This coat ing,  
appl ied by a plasma torch spray, w i l l  provide a high (.85 or  b e t t e r )  emissivi ty  
t o  improve heat t r a n s f e r  from the capsule contac ts  t o  the s h e l l  and main 
mounting (heat s ink)  p l a t e .  The i r o n  t i tanate  coat ing w i l l  be furnished by the  
G. E.  Space Technology Laboratory. Samples of t h e i r  appl icat ion techniques and 
r e s u l t s  using copper p l a t e s  were furnished t o  SPPS f o r  review and inspect ion.  
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IV.  ACTUATOR (Mechanism) 
The ac tua tor ,  o r  operating mechanism, moves the contact  i n  the  vacuum 
capsule i n  the  in t e r rup te r  u n i t ,  and was described i n  d e t a i l  i n  the t h i r d  
q u a r i e r i y  repuri. i L  is m u u n L e c i  above r;ne inzerrupzer ,  on me same center  
l i n e ,  and includes a main operat ing solenoid held i n  loca t ion  by f l e x i b l e  
diaphragms, a f l e x i b l e  l inkage, l a t c h  and t r i p  solenoids,  and opening spr ings.  
P a r t s  f o r  the complete ac tua tors  a re  i n  fabr ica t ion ,  except f o r  the c o i l s  
which w i l l  be ordered shor t ly  but which w i l l  be replaced by copper r ing \  f 
equivalent  s i z e  f o r  the heat run and endurance test .  The only p a r t  Wtich may 
delay f i n a l  assembly is the high temperature f l exura l  and t h i s  pa r t  i s  la te  
due t o  procurement problems with the Inconel X. 
A modified version of the actuator  w i l l  be used f o r  the  in te r rupt ion  
test u n i t s .  The t r i p  and l a t c h  solenoids, and toggle (locking closed) l inkage 
w i l l  not be used. The balance of t he  mechanism, with added weight t o  simulate 
the  omitted pa r t s ,  w i l l  be arranged for  the  close-open t e s t  operation. The 
c los ing  c o i l  c i r c u i t  w i l l  be designed to  operate as rapidly as  possible ,  t o  
reduce the  closed t i m e  and thus the required Q of the test c i r c u i t .  
I n  checking operat ing t i m e s ,  a calculat ion of the t i m e  t o  open, a f t e r  
c losure and col lapse of the  closing solenoid c o i l  f i e l d ,  has been made. This i s  
given i n  Appendix C. The r e s u l t s  indicate  a t o t a l  t i m e  t o  open, of 8.59 m i l l i -  
seconds. I t  is  estimated t h a t  t he  closing c o i l  control  c i r c u i t  can remove the  
f i e l d  energy i n  7 mill iseconds o r  less a f t e r  contacts  touch. Thus, t o t a l  t i m e  
t h a t  the t e s t  c i r c u i t  w i l l  ca r ry  current is  about 15 mill iseconds.  The sub- 
sequent discussion of the  test c i r c u i t  w i l l  u se  t h i s  value f o r  ca lcu la t ion  of 
t he  needed Q. 
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V. TEST PLANS AND FACILITIES 
A wide range of e l e c t r i c a l  and mechanical tests are required by the  
cont rac t  t o  prove out  the  sample vacuum breakers and contactors  and a t  the  
_ _ _ ^  *2-- L- -I-__ 2 3- ---3---- e-- 2 - - L  ..... 
=,aIuG bL.,a-, c v  pLuvlur; G;uiuallb= IUL IULUIF: clesigii i l u y r - o v e i u e i i i s  a i c i  periormance 
c r i t e r i a .  Deta i l s  of the  planned test equipment, test  procedures, and spec- 
i f i c a t i o n s  w i l l  be covered i n  t h i s  section of the quar te r ly  repor t .  
A) Heat Ftun and Endurance 
The heat run and endurance t e s t s  w i l l  be conducted a t  SPPS i n  an u l t r a -  
high vacuum tank, using a spec ia l ly  bu i l t  oven t o  maintain the t e s t  samples 
a t  1000°F. The tank, with cont ro ls  and pumps, along with the oven lamp hea ter  
con t ro l s  and automatic thermocouple recording equipment, is  shown i n  Figure 6. 
A spec ia l  oven has been designed for the  program and is  now i n  assembly. 
Figure 7 shows the main ( v e r t i c a l )  section of the  oven i n  the  i n e r t  gas welding 
tank, with the  operator  ready t o  weld a top c l i p  t o  t h e  assembly. The oven is  
made of vacuum processed Rodar, and as shown i n  Figure 8, cons i s t s  of a bottom and 
main sec t ion .  Six lamps a r e  mounted on the top of the main sec t ion ,  along with 
the  18 lamps around the  v e r t i c a l  s ide  s la ts ,  w i t h 6  on the  bottom support sec t ion .  
Behind each of t he  quartz  tube lamps, th ree  heat r e f l e c t i n g  sh ie lds  made of 
.003" rodar a r e  mounted t o  reduce t h e  heat loss t o  the vacuum tank w a l l s .  This 
amount of sh ie ld ing  was se lec ted  to permit a t o t a l  of 5 t o  7.5 ki lowatt  l o s s  t o  
the  tank wal ls  which are water cooled and can e a s i l y  handle this amount of heat .  
Additional sh ie ld ing  would reduce the  l o s s  but make control  of the  lamps t o  main- 
t a i n  the  samples a t  1000 F more llfussyll and undesirable.  0 
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The overa l l  assembly of the switchgear u n i t s  and oven i n  the  vacuum tank 
i s  shown i n  the  one quar te r  s ca l e  sketch of Figure 9. N o t e  pa r t i cu la r ly  the  
loca t ion  of t he  heat  s ink ,  contactor  and breaker, the spec ia l  low inductance 
600 ampere bus, and the  ion pump a i r  l i nes  with heat sh i e lds  around the 
sec t ion  above the bottom lamps. I t  i s  now planned to  check out (and out-gas) 
the  oven i n  t h e  vacuum tank p r i o r  to set up of t h e  switchgear i n  the oven f o r  
the  heat  run and endurance tests. This check out w i l l  monitor temperature of 
ce r t a in  s i d e ,  top,  and bottom lamps a t  both the  center  of the quartz  tubes and 
a t  the  end seals, along with the 16  oven points ,  a s  shown i n  Figure 10,  which 
w i l l  be monitored during the  heat run and endurance tests.  
During the  tests, a t o t a l  of 32 points w i l l  be checked f o r  temperature 
on the  samples and bus. These poin ts ,  20 on the breaker and 12  on the 
contactor ,  a r e  shown i n  d e t a i l  locat ions i n  Figure 11 and 12. These sketches,  
Figures 10, 11, and 1 2 ,  w i l l  serve,  along with a tabula t ion ,  t o  provide the 
output da ta  r e su l t i ng  from the  heat run  and endurance t e s t s .  
Detai led t e s t  spec i f ica t ions  f o r  conducting the oven check ou t ,  plus  the 
heat run and endurance tests are now being f ina l i zed .  A preliminary d r a f t  of 
each tes t  spec i f ica t ion  i s  included i n  t h i s  report  as  Appendix D-1,  2 ,  and 3 .  
The endurance test  i s  a continuation of t e s t i n g  i n  the vacuum chamber, a f t e r  
t he  heat run, and high poten t ia l  (leakage) have been concluded. The endurance 
test plans a re  now being prepared and w i l l  be included i n  a subsequent repor t .  
However, i t  can be noted t h a t  t h i s  test w i l l  cover a period of 1000 hours with 
the  breaker and contactor  carrying r a t e d  current  and the  environment held a t  
1000°F and Torr pressure.  
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1 B) Electr ical  Tests 
It i s  now planned t o  conduct t he  e l e c t r i c a l  in te r rupt ion  tests a t  6PPS 
with the  test sample mounted i n  a vacuum tank s i m i l a r  t o  t he  one being used 
fo r  the  endurance test and shown i n  Figure 6 .  The tank w i l l  be modified by 
removing t h e  normal top section, replacing i t  with a f l a t  l i d  on which the  
sample w i l l  be mounted, and t h i s  w i l l  be placed on top of a 22" long "spool 
piece". With t h i s  arrangement, the actuator  (mechanism) w i l l  be outs ide the  
high temperature environment, but connected t o  the in t e r rup te r  through a 
bellows s e a l .  
Inside the  tank the in t e r rup te r  w i l l  be surrounded by a high temperature 
hea ter ,  which i n  turn w i l l  be heat shielded. Power leads ,  hea te r  leads ,  
thermocouple connections, and the cooling a i r  f o r  the  ion pump w i l l  be brought 
out through feed-thrus i n  the spool piece. During test ,  the in t e r rup te r  w i l l  
-6 
be i n  a 10 Torr, o r  lower, pressure.  
The t e s t s  w i l l  involve in te r rupt ion  of 10 amperes, 10,000 v o l t s  DC, and 
1200 amperes, 1000 v o l t s  a t  2000 c p s  (with a few tests a t  1000 and 3000 cps) .  
For the test  power, two suppl ies  w i l l  be b u i l t  using s u i t a b l e  capaci tors ,  in- 
ductance c o i l s ,  along with r e l a t ed  bus work, switches, and instrumentation. 
They w i l l  be described i n  d e t a i l  i n  the next quar te r ly  report  a s  they a re  
scheduled t o  be complete by March 1. However, the  preliminary work on the 
main power c i r c u i t  components is  w e l l  underway and w i l l  be described b r i e f l y .  
The M: in te r rupt ion  test  c i r c u i t  w i l l  be based on using a pulse forming ne t -  
work t o  generate a square wave of DC current through the switchgear on test .  A 
lumped constant transmission l i n e  would cons is t  of s i x  pa ra l l e l ed  capac i tor  
sec t ions ,  with s i x  series reac tor  elements t o  provide the  necessary impedance 
-10- 
t o  cont ro l  t he  wave shape. Such a network requires  only about 30% a s  
much capacitance a s  would be required f o r  an R - C discharge of subs t an t i a l ly  
poorer qua l i t y .  The va r i a t ion  from square ( f l a t  topped) wave during the pulse 
is less than 10% with s i x  sect ions.  
For the  AC i n t e r m p t i o n  tests a simple resonant L - C c i r c u i t  with spec ia l  
high "Q" reac tor  c o i l  and high frequency capaci tors  w i l l  be used. The capac i tors  
would be charged t o  a peak value equal t o  the test voltage plus a margin f o r  
the expected decay during the  time from breaker contact  "make'* t o  in te r rupt ion  
(approximately 15  mill iseconds - refer to  sect ion I V ) .  
The value f o r  the  capacitance and inductance required f o r  the discharge 
c i r c u i t  i s  set by the  requirement t h a t  the  impedance y ie ld  the  spec i f ied  t e s t  
condi t ion of twice normal current  ( 1 , 2 0 0  A) a t  normal vol tage 1,000 V);, t h a t  
i s  0.833 ohms. Then: - 
2 T f  L = 1 / 2*f C = 0.833 
And t h e  following tabulat ion shows the  values of impedance which should be 
s u i t a b l e  f o r  t e s t i n g  over the  specif ied range of 1000 t o  3200 cps: - 
Frequency 
1000 cps 
2000 cps 
3000 cps 
Total  Capacitance 
191 p f d  
95 p f d  
60 rcfd 
Inductance 
133 p H  
66 P 
41 P 
The proposed inductance c o i l  w i l l  be made of wide copper shee t ,  with the 
width and diameter approximately t h e  same t o  r e s u l t  i n  a r e l a t i v e l y  high "Q". 
The spec ia l  c o i l ,  along with the high "Q", high frequency water cooled capac i tors  
t h a t  a r e  proposed, should l i m i t  the  t e s t  voltage decay t o  about 20% during the  
-11- 
" c i r c u i t  closed" condition a t  3000 cycles. The decay would be approximately 
10% a t  1000 cycles .  
D e t a i l  test  spec i f ica t ions  f o r  a l l  e l e c t r i c a l  tests w i l l  be i n  preparation 
during t h e  next report ing period. 
C) Mechanical Tests 
The mechanical test program w i l l  be divided i n t o  t w o  sec t ions .  Vibration 
and shock tests w i l l  be conducted a t  the Research and Development Center i n  
Schenectady. The acous t ic  and accelerat ion tests w i l l  be performed a t  the RSD 
Mechanical Testing Laboratory i n  Philadelphia. 
Samples t o  be t e s t ed  a re  those which w i l l  have gone through the endurance 
test. The AC sample w i l l  be modified to replace t h e  copper r ings  with operable 
c o i l s ,  and the u n i t  w i l l  be operated f o r  100 close-open cycles. I t  w i l l  then 
be sent  t o  Schenectady f o r  the  vibrat ion and shock test. D e t a i l  test spec i f i ca t ions  
have not y e t  been developed f o r  this work, but w i l l  be prepared as  soon as v ibra t ion  
and shock requirements f o r  the expected lzunch vehic le  have been reviewed and re- 
vised o r  confirmed. 
The DC sample w i l l  be modified t o  i n s t a l l  operat ing c o i l s ,  and a f t e r  bench 
operat ion and check-out w i l l  be sent  t o  Phi ladelphia  f o r  acoust ic  and accelerat ion 
t e s t s .  D e t a i l  test spec i f ica t ions  have now been prepared, and are included i n  
t h i s  report  a s  Appendix D-4 and D-5. 
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VI. SCHEDULE 
The ove ra l l  schedule has been reviewed and up-dated a s  a r e s u l t  of delays 
i n  some f i n a l  drawing d e t a i l s  and longer procurement and manufacturing t i m e s .  
I t  now appears t h a t  the  f i r s t  vacuum capsule w i l l  be assembled by the end of 
December. The AC breaker and DC contactor f o r  t he  heat  run test should be com- 
p le ted  by the  end of January. 
Vacuum processing, assembly, evacuation and seal of f  of the  capsules,  along 
with assembly of t he  in t e r rup te r  u n i t s  is now t o  be done a t  SPPS. The ac tua tors  
w i l l  be assembled a t  R & DC and then shipped t o  SPPS f o r  mating with the  i n t e r -  
rup ters .  
The PERT diagram indica tes  the s t a tus  of,and schedule for , the e n t i r e  program. 
Some addi t iona l  d e t a i l  s teps  a re  shown i n  the  latest  rev is ion ,  including the  
check-out of the  endurance test oven i n  January, and the  design and assembly of 
t he  e l e c t r i c a l  t e s t i n g  equipment. The present schedule ind ica tes  completion of 
t h i s  program by May 31, 1966. 
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Figure 1. A r t i s t ' s  C o n c e p t  of AC Vacuum B r e a k e r  Rated 600A, 1000 V . ,  
2000 cps. 
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Figure 2 .  Sketch of Vacuum Capsule for Both AC Breaker and DC Contactor. 
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F i g u r e  8. P a r t s  of High Temperature Oven for Switchgear Heat Run and 
Endurance T e s t s .  
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Figure 10. Location of Thermocouples i n  Various Parts of the Special Oven 
for the H e a t  Run and J3ndurance T e s t s .  
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Figure 11. Location of Thermocouples on the AC Breaker for H e a t  Run 
and Endurance T e s t .  
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Figure 12. Location of Thermocouples on the  DC Contactor for the  
H e a t  Run and Endurance T e s t .  
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IBXPS wi th  single lines thrv ha\.e been completed. 
,Bores w i t h  douhle l i n e s  thru have been omitted. 
ivle inmcates the critical path. 
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APPENDIX A 
FABRICATION OF CAPSULE AND PUMP ASSEMFJLY 561B516 
HIGH-TEMPERATURF: SWITCHGEAR 
SPECIFICATION ;PJUMBER: SPPS 02-0136-00-A 
December 23, 1965 
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r P t C l f  IGATlOU (10. 
SPACE POWER 6 PROPULSION SECTIOW 
CINCINNATI, OHIO 45215 
SPPS 02-0136-00-A 
DATE 
i 
I 
I 
I 
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I 
I 
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I December 23, 1965 ENGINEERING SPECIFICATION 
TJTLE 
FA3RICATION OF CAPSULE AND PUMP ASSEMBLY 561B516 
HIGH-TEMPERATURE SWITCHGEAR 
ORIGINAL CONTRACT 
NAS 3-6467 
243 8/3 92 
PHONE 
N-21 
MAIL ZONE D. A Pritchett ISSUED BY: 
DRAFTING 
-. 
- s  %#pfRSEDES SPECIFICATION NO. DATED SEE S P S  1NSTirucrto)r 
SERIES 03.106 
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Scope. This spec i f i ca t ion  es tab l i shes  the f ab r i ca t ion  procedures, process sub- -
s t an t i a t ion  and qua l i ty  requirements f o r  the capsule and pump assembly and i t s  subassemblies. 
2 APPLICABLE DOCUMENTS 
1 2.1. Government Documents. None 
1 lS1. 
DATE NO. 
12/23/65 SPPS 02-0136-00-A FABRICATION OF CAPSULE AND PUMP ASSEMBLY 561B516 
HIGH-TEMPERATURJ3 SWITCHGEAR - OONnNUED 
s 
Mon-C%verr*en t I)= mment s 
SPPS 03-0013-00-B Mass Spectrometer Leak Detection 
(1965) Using H e l i u m  
AS'IM B297-55T 
- 
Tungsten Arc Welding Electrodes 
REQUIREMENTS 
3.1 Mater ia l s .  Mater ia l s  s h a l l  be those spec i f ied  on t h e  engineering drawings. 
1 3.2 Equipment. 
4 
3.2.1. Vacuum Furnace. The vacuum furnace s h a l l  be capable of operation a t  a pressure 
of less than 5 x 10-5 t o r r  a t  1800°F. 
3.2.2.  Auxiliary Equipment. Auxiliary equipment s h a l l  be capable of monitoring furnace 
vacuum and p a r t  temperature (plus  o r  minus 10°F). 
3.3. Cleaning Procedures 
3.3.1. General. A l l  p a r t s  s h a l l  be f r ee  of d i r t ,  grease,  o r  o the r  extraneous mater ia l .  
II 
I The f i n a l  c leaning procedures described below s h a l l  be applied immediately p r i o r  t o  assembly. 
3.3.2. Rodar 
3.3.2.1.  Machine Surface . Wash i n  f ree-r insing detergent  followed by degreasing with 
acetone and r in s ing  i n  e t h y l ,  methyl or isopropyl alcohol. 
3 .3 .2 .2 .  Light Scale. Pa r t s  s h a l l  be immersed f o r  20 seconds i n  a so lu t ion  containing 
50 gm of f e r r i c  ammonium s u l f a t e ,  30 m l  of H2SO4 (1.84 sp. g r . ) ,  150 m l  of HCL (1.16 sp. g r . ) ,  
150 m l  of HN03 (1.42 sp.  gr . )  and 670 m l  of water maintained between room temperature and 1 140°F. Residual acid s h a l l  be removed by r insing with deionized water. Repeat as  necessary.  
3.3.3. Am Zirc.  Parts s h a l l  be immersed f o r  30 seconds i n  an aqueous so lu t ion  containing 
50% by volume HN03 (1.42 sp. g r . )  maintained between room temperature and 15QOF. 
acid s h a l l  be removed by r ins ing  with deionized water. Repeat as necessary. 
3.3.4.  Molybdenum. P a r t s  s h a l l  be degreased with acetone, then cleaned by e i t h e r  of t h e  
following methods: (a)  E lec t ro ly t i ca l ly  by immersion i n  an aqueous so lu t ion  of 66% by volume 
H2S04 (1.84 sp .  gr.) maintained a t  room temperature. 
s h a l l  be used with the molybdenum as the  anode. Cleaning t i m e  s h a l l  be adjasted t o  obta in  a 
uniform sur face  c leanl iness .  Residual acid s h a l l  be removed by r in s ing  with deionized water, 
(b) By an 1800°F/30 min. heat treatment i n  a vacuum furnace wherein the  pressure s h a l l  be 
maintained a t  less than 5 x 10-5 torr  during the  thermal cycle. 
than 150°F before  removal from t h e  furnace.  
Residual 
Current d e n s i t i e s  of 100 t o  300 amps/ft2 
i 
I 
Par t s  s h a l l  be cooled t o  less 
-29- 
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3.3 .5 .  Braze Alloy The Nicuro Type 80 braze al loy s h a l l  be degreased with acetone, 
followed by r i n s i n g  i n  e thy l ,  methyl or  isopropyl alcohol.  
3.3.6.  S t a in l e s s  S tee l .  Pa r t s  s h a l l  be degreased with acetone, followed by r in s ing  
i n  e t h y l ,  methyl or  isopropyl alcohol. Pickle i n  an aqueous so lu t ion  containing 25% by 
volume H N W ~  (i.42 sp. gr.; a d  25% 27 ~ ~ 1 s ~ 1 c  ECL <1.15 s p -  g r . )  at 75OF t o  100°F f o r  1 t o  
2 minutes. Rinse with deionized water t o  remove res idua l  acid. Repeat as  necessary. 
I 
I 
DATE NO. 
12/23/65 SPPS 02-0136-00-A FABRICATION OF CAPSULE AND PUbP ASSEXBLY 561B516 RI GH-TEMPERAT’UW SWI TCHGEAR - CONTINUED 
3.4.  Handling Procedures 
U 
~~ 
3.4.1.  Handling. After  f i n a l  cleaning and during a l l  assembly operat ions,  the p a r t s  
s h a l l  be handled with clean nylon o r  v inyl  gloves. 
3 .4 .2 .  1 Packaging. I f  s torage  i s  necessary, pa r t s  s h a l l  be sealed i n  polyethylene bags. 
Welding Procedures 
I n e r t  A r c .  Tungsten i n e r t  gas  welding s h a l l  be done using d i r e c t  cur ren t ,  
s t r a i g h t  p o l a r i t y .  The torch  gas cup s h a l l  be of adequate s i z e  t o  provide optimum gas 
coverage t o  the weld zone. a n g s t e n  electrodes s h a l l  conform t o  ASTN €3297-55T and s h a l l  
be c l a s s  EWTh-2. Welding s h a l l  be done i n  an argon f i l l e d  chamber when the back s i d e  of 
the  weld cannot be mechanically cleaned. 
3.5.1.1. Shielding Gas. Argon of 99.95% minimum pur i ty  s h a l l  be used f o r  both torch  
sh ie ld ing  and weld j o i n t  backup pro tec t ion .  
II 
3.5.1.2. F i l l e r  Wire. The f i l l e r  w i r e  sha l l  be t h a t  spec i f ied  on the engineering drawing 
or i n  the  manufacturing ins t ruc t ions .  
3.5.1.3.  Metal Vapor. Deposits of metal vapor produced by the  welding process s h a l l  be 
removed by d s s h i n g  with s t a i n l e s s  s t e e l  w i r e  brushes and r ins ing  with acetone and e t h y l ,  I Icethyl, o r  isopropyl alcohol. 
3.5.2.  Electron Beam. The e lec t ron  beam welding s h a l l  be done where shown on the  engineerin 
drawing 
3 5 2 1 .  Fixturing. G a s  tungsten arc tack welds per  paragraph 3.5.1, may be used t o  al ign 
t h e  components p r i o r  t o  e lec t ron  beam welding. 
Brazing Procedure 
I 
Brazing A l l o y  P1 acement 
3.6.1.1. 1 Assembly. Jo in t  components s h a l l  be assembled pe r  t h e  engineering drawing. 
3.6.1.2.  Placement. Nicuro Type 80 braze a l loy  s h a l l  be posi t ioned a t  each j o i n t  i n  
adequate quant i ty  t o  f i l l  t h e  j o i n t .  
3.6.1.3. Stop-Off Compound. A stop-off compound, Nicrobraz green o r  i t s  equivalent ,  
s h a l l  be applied a s  necessary t o  l i m i t  braze a l loy  flow. I f  stop-off compound contaminates 
the  braze j o i n t ,  the  j o i n t  s h a l l  be disassembled and recleaned before proceeding with braze 
assembly. Af te r  brazing, t he  stop-off residue s h a l l  be removed by dry g r i t  b l a s t ing  and 
w i r e  brushing. 
I 
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3.6.2.  Brazing Cycle 
3.6.2.1.  Temperature Measurement. Two Pt/Pt-1O%Rh thermocouples s h a l l  be attached t o  the 
assembly near  the  braze j o i n t s  on components which represent  t he  heaviest  sec t ions  being 
joined.  During the  brazing cycle ,  t h e  temperature recorded by these  thermocouples s h a l l  not 
d i f f e r  by m o r e  than 200F. 
3.6.2.2. Vacuum. Before applying heat  t o  t h e  assembly, a pressure of less than 5 x 
to r r  s h a l l  be at ta ined.  During heating, pressure rises t o  1 x t o r r  f o r  sho r t  t i m e  
intcr7als are acceptable. 
assembly i s  above 100WF. 
3.6.2.3.  
minutes durat ion.  
3 .6 .2 .4 .  Pro tec t ive  Envelope. The assembly s h a l l  be placed i n  a c lean zirconium can, 
(minimum 0.010-inch thick wal l ) ,  f o r  brazing. Sui tab le  supports s h a l l  be used to  prevent 
d i r e c t  contact  between t h e  assembly and the  zirconium can. 
3 .6 .2 .5 .  
per  minute from 1650°F to  10500F. 
removal from t h e  furnace. 
I 
I 
1 
1 
1 
I 
Pressure shill be maintained a t  less than 5 x 10-5 t o r r  when the 
Brazing Temperature. The brazing tempera ture  s h a l l  be 1700°F, - + 10°F f o r  2 
Cooling C y c l e .  The brazed assembly cooling r a t e  s h a l l  be approximately 10°F 
The assembly s h a l l  be cooled to less than 1500F before 
QUALITY ASSURAWCE PROVISIONS 
General. A l l  welded and brazed jo in t s  s h a l l  be examined v isua l ly  (10x1. J o i n t s  I 4 *  
n 
I 
4.1. 
s h a l l  be f r e e  of the  following defec ts .  
1. Cracks 
2 .  Porosi ty  
3. In-complete braze a l loy  flow 
4. Undercutting along the  edges of t h e  weld o r  braze 
5. Non-uniform weld o r  braze contour. 
I 4.2. Mass Spectrometer Leak Tes t s .  Each welded or brazed j o i n t  
accordance with Specif icat ion 03-0013-00-B a t  a s e n s i t i v i t y  of 5 x 
s h a l l  be tes ted  i n  
0-lo s t d  cc/sec of a i r  
before  inc lus ion  i n  the  next assemblv. No leaks are  allowed. 
I 4.3. Rejection. Weldments or  brazes not conforming t o  t h i s  spec i f i ca t ion  s h a l l  be 
re jec ted .  
1 4 . 4 .  Reports. A repor t  s h a l l  be submitted with the  f in i shed  assemblies and s h a l l  include 
a l l  pe r t inen t  process information and r e s u l t s  of qua l i t y  assurance t e s t ing .  
PmPARATION FOR DELIVERY 
Packaging. The completed assembly s h a l l  be sealed i n  a polyethylene bag. 
Iden t i f i ca t ion .  Assemblies s h a l l  be tagged with the drawing number, p a r t  number, 
I 5 -  
5.1.  
I 5.2.  
and serial number. 
NOTES. None -
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M A N U  F A C T U R  I NG I N S T R U  CTI O N  
NAME 
CONTACT BRAZE ASSEMBLY 
PAGE 1 O F  2 
N 0. 
SWGl 
DATE 
12- 8-65 
D R A ~ N G  NO. (L DESCRIPTION (SERIAL NO: IF NEEDED) 
- . r . F- ,-e 
I I aklal. ov 
F.C.F. on P1-115A5168Gl 
F.M.F Hi-Temp Switchgear 
MATERIAL: Rodar, Amzirc, Molybdenum, Nicuro Type 80 Braze Alloy 
P A R T  NUMBER DESCRIPTION MATL. CONTR. NO. (SERIAL N O  IF NEEDED) 
10 
11 
12 
14 
15 
~ ~ ~ ~ ~~~~~~~ 
PL115A5166Gl Lower Contact Assembly 
561l3477PT-1 L o w e r  Flangc 
11585160 PT-1 Dish 
115A5163 PT-1 Contact 
Tube 5/8" O.D. x .032" wall, Type 304SS 
PL115A5166 G2 Upper Contact Assembly 
115A5162 €T-1 Upper Flange 
115A5160 PT-2 Dish 
115A5161A PT-1 Guard 
115A5169 P-1 Bellows 
Braze Alloy, Nicuro 80 Wire and F o i l  
115A5163 FT-2 Contact 
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P A G E  2 OF 2 
D A T E  NO. 
MANUFACTURJNG INSTRUCTION - CONTINUED 12/8/65 SWG-1 
P R O  C ESSES: V A C D  BRAZING AND WELDING 
S T E P  O P E R A T I O N  S E Q U E N C E  O P E R A T O R  B A D G E  NO. C O M P L E T I O N  D A T E  R E M A R K S  
LOWER CONTACT ASSEMBLY PART 1 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
C u t  and f i t  P7 t o  P3 
Clean P7 and P3 per  
fiZ-GiS&C&A 
Weld P7 t o  P3 per 02-0136-00-A 
T r i m  P7 to  B/P 
H e l i u m  leak check per  
03-0013-00-B 
Clean P2, P3 and P4 per 
02-0136- 00-A 
Braze P2 and P3 t o  P4 per  
02-0136-00-A 
H e l i u m  leak  check per  
03-0013-00-B 
Seal i n  p l a s t i c  bag 
UPPER CONTACT ASSEMBLY PART 8 
Clean P10 and P12 per 
02-01 36-00-A 
Tack weld P10 t o  P12 by EB - 
A l t .  TIG i n  V.P. chamber per 
02-0136-00-A 
EB weld P10 t o  P12 by EB weld- 
iog  - A l t .  TIG i n  V.P. chamber 
per  02-0136-00-A 
H e l i u m  leak check per 03-0013-00-B 
Store  i n  p l a s t i c  bag 
Clean P9, P10, P11, P15 per 
02-01 36- 00-A 
Sraze R9 and P10 t o  P15; P11 
t o  P10 per 02-0136-00-A 
H e l i u m  leak check per  
03-0013-00-B 
Thread hole  i n  P15 (1/4" - 20 UNC - 2B x .62" dp) 
I' 
10. Take photo of both assemblies 
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PAGE 1 O F  2 
4 
I) 
M A N U F A C T U R I N G  I N S T R U C T I O N  1- 
12-8-65 
~ ~~~ 
NAME 
CONTACT CAPSULE 
DRAWNG NO. & DESCRIPTION (SERIAL NO: IF  NEEDED) 
11 5A5168 
FMF Hi-Temp Switchgear 
MATERIAL: 
P A R T  NUMBER DESCRl PTI ON MATL. CONTR. NO. (SERIAL N O  IF NEEDED) 
1 Assembly 
2 
3 
PL115A5166Gl Contact Braze Assembly-Lower 
PL115A5167Gl Seal Assembly 
4 PL115A5166G2 Contact Braze Assembly-Upper 
-34- 
P A G E  OF 
D A T E  NO. 
MANUFACTURING INSTRUCTION - CONTINUED 12-8-65 SWGP 
PROCESSES: EB and/or T I G  WELDING 
REMARKS S T E P  O P E R A T I O N  S E Q U E N C E  O P E R A T O R  B A D G E  NO. C O M P L E T I O N  DATE 
1 Clean s e a l  assembly P2 acetone 
2 H e l i u m  leak  check seal assembly 
3 Weld P2 t o  P3 (See B/P Note 1) 
and alcohol r i n s e  
P2 pe r  03-0013-00-B 
per 02-0136-00-B 
4 H e l i u m  leak check per 03-0013-00-B 
5 Clean P4 and P3 per 02-0013-00-A 
Weld P4 t o  P3 per  02-0136-00-A 
(See Note 1 on B/P) 
A. Clamp assy  t o  hold .003" 
B. Shield bellows from beam 
C. Tack weld 
D. Remove clamp and weld seam 
E. Reclamp t o  pro tec t  bellows 
F.I.R. per B/P 
during handling 
6 Helium leak  check per 03-0013-00-B 
7 Take photo of assembly 
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APPRCIVALS: 
M A N U F A C T U R I N G  I N S T R U C T I O N  
PAGE 1 OF 2 
N 0. 1 
SWG-3 
DATE 
12-8-65 
I f 
NAME 
PUMP ASS-LY 
DRAWING NO. & DESCRIPTION (SERIAL NO: IF NEEDED) 
561B483A 
FMF Ri-Temp Switchgear 
MATERIAL: 304s~ 
PART NUMBER DESCRIPTION MATL. CONTR. NO. (SERIAL NO: IF NEEDED) 
1 Assembly 
2 Magnet 
3 Ion Pump Cat. No. 22TP050 
4 561B484-Gl ASM. Magnet Holder 
5 561B485-Gl Pump Housing 
6 Dowel Pin .062 dia. x .19 Ig. 304SS 
7 Tubing -25 O.D. x .03 wall nickel (length 
8 561B483P8 Air Guide 
per capsule evac. and seal proc.) 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
E. 
I 
I 
Ii  r 
I" 
P A G E  O f  
1 D A T E  I NO. 
P R O C E S S E S  T I G  
S T E P  O P E R A T I O N  S E Q U E N C E  O P E R A T O R  BADGE NO. COMPLETION DATE REMARKS 
1. 
r) 
r .  
3. 
4. 
5 .  
6. 
7 .  
8. 
9. 
10. 
11. 
12. 
13. 
Ref. B/P 561B4844, check magnet 
i n s t a l l a t i o n ,  concentric with 
O.D. PT3 within .010" 
E 3 5ri::. 
i n l e t  tube t o  length and bevel. 
Note or ien ta t ion .  Remove t abs  - 
note  3. 
"2-5"," 2c12, 2C:t FZ..p 
Helium leak  check PT5 per 
03-0013-00-B 
Attach thermocouple t o  magnet per  
i n s t ruc t ions  - H. Powell 
F ina l  check method of pump lead 
attachment with H. Powell. In- 
s t a l l  i f  necessary (see 12) 
I n s t a l l  pump FT3 i n  pT4, TIG 
tack weld PT3 t o  pT4, 3 places 
per 02-0Z36-00-A 
S l i p  PT5 over pump neck pT3. 
Screw on t o  PT4 f lush .  D r i l l  
and ream, pin with pT6 
Seat pump PT3 i n  PT4, TIG weld 
PT5 to  pT3 i n  V.P. chamber per 
02-01 36- 00-A 
H e l i u m  leak check PT3 and PT5 
per 03-0013-00-B 
T I G  weld PT7 t o  pump PF.3 i n  V.P. 
chamber (see note  1 ) .  Check 
length  of PT17 f o r  evacuation 
and sea l ing  procedure. Ref. 
02-0136-00-A 
H e l i u m  leak check Pump PT3 
per 03-0013-00-B 
Take photos a f t e r  s t eps  5 and 
10  
Store  i n  sealed p l a s t i c  bag 
~~ 
-37- 
~ APPROVALS: 
e 
r 
4 
E 
t 
I 
S 
12-19-65 
M A N U  FA C T U R  I NG I N S T R  U C T l  O N  
NAME 
ASSEMBLY, CAPSULE AND PUMP 
DRAWING NO. & DESCRIPTION (SERIAL NO: IF NEEDED) 
561B516 
FCF PL454C748 - Next PL454C778 
FhdF Hi-Temp Switchgear 
MATERIAL: 
PARTNUMBER DESCRIPTION MATL. CONTR. NO. (SERIAL NO: IF NEEDED) 
1 PL115A5168Gl Contact Capsule 
2 561B483G1 Pump Assembly 
3 454C764Pl Ion pump Support 
5 #lo-32 x 1/2" lg Self-Locking Socket HD Screw 
6 #6-32 x 1/2" lg Self-Locking Socket HD Screw 
7 #8-32 x 3/4" lg Self-Locking Socket HD Screw 
-38- 
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vi L 
P A G E  2 O f  2 
I D A T E  1 NO. 
MANUFACTURING INSTRUCTION - CONTINUED 12- 10-65 I SWG4 
PROCESSES: TIG,  EB 
STEP O P E R A T I O N  SEQUENCE OPERATOR BADGE NO. COMPLETION DATE REMARKS 
1 
9 
Y 
3 
4 
5 
6. 
7. 
8. 
9. 
Clamp PT1 and PT2 with vT3 
us ing  PTS 5, 6, 7 .  Note 
o r i en ta t ion  on B/P 
T=rk prl tc m!2 in VP 
chamber and complete most of 
weld. U s e  308 f i l l e r  w i r e .  
Remove PT3 and complete weld 
per 02-0136-00-A 
Replace P"3 
H e l i u m  leak  check en t i r e  assy.  
t h ru  .25" tube per  03-0013-00-B 
(see  9) 
Outgas assembly i n  EB welder 
per spec ia l  i n s t ruc t ions  and 
check operation of i on  punp 
(see  9 )  
Remove outgassing furnace 
and f l a t t e n  tube a t  loca t ion  
shown on B/P 
Seal tube by EB welding per  
02-0136-00-A 
Check ion pump operation again 
Take photos a f t e r  s t e p  4, dur- 
ing s t e p  5, a f t e r  s t e p  8. 
d ~. 
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APPENDIX B 
The ion  pump f o r  t he  vacuum capsule requi res  the  temperature be kept 
low (20OoC preferably)  for f u l l  pumping capacity.  
temperature w i l l  be 1000°F, or above. 
The switchgear environmental 
Thus, a scheme of cooling is  being 
piannai io keep the ion p u m p  ana t h e  eiecrricai connections at tne  required 
temperature. 
This method of cool ing cons i s t s  of t w o  par t s :  
1) Radiation Shielding 
A l a r g e  number of s t a i n l e s s  s t e e l  cy l inders  are placed around the  ion 
pump, a i r  tube, and the  electrical conductor. These t h i n  wall ( f o i l )  cy l inders  
are separated f r o m  each o the r  by a s t a i n l e s s  steel w i r e  whose diameter is a 
few m i l l s .  This rad ia t ion  heat shielding is applied t o  reduce t h e  heat  picked 
up by t h e  p a r t s  t o  one t e n t h  of t h e  value which would be produced i f  there w e r e  
no heat shielding.  The estimated heat pickup by the ion pump and t h e  e l e c t r i c a l  
conductor is 200 wat ts  with t h i s  heat  sh ie ld ing .  
2) Forced Air Convection Cooling 
Coaxially with the  high vol tage dc lead ,  two tubes are provided t o  carry 
a i r  t o  and from the  ion pump. This a i r  cools  t h e  ion pump and the  high voltage 
dc lead.  Calculations f o r  the  a i r  cooling have been made i n  t h e  following manner, 
using t h e  information included i n  the sketch of t h e  system, Figure 4. 
The t o t a l  heat  which has t o  be removed by the  a i r  i s  approximately 683 
0 Btu/hr. Assume a 100 F a i r  temperature rise. Then, 
Q = W cAt 
and Q = heat flow, Btu/hr. 
W = weight flow, lb/hr.  
A t  = temperature rise, F 0 
-40- 
I 
I 
C = s p e c i f i c  hea t ,  Btu/lb-OF 
For air - C = .24 Btu/lb-OF 
w =  683 = 28.5 lb/hr. 
.24 x 100 
The volume flow Wv is equal to t he  weight flow divided by the  densi ty  at the 
operat ing pressure and temperature. 
operation 1 a t m  T w,, = - w x  X 
V p l  a t m  of operation 
For the  above conditions (and assuming an operat ing pressure of 25 ps i ) .  
14.7 f t3 x - = 260 -660 x -  28.5 
- 0765 560 25 hr . 
w =- 
V 
o r  
260 -2 3 
3600 
= - = 7.3 x 10 f t  /sec. w" 
Velocity of air i n  duct: 
W 
A 
V v = -  
where V = veloc i ty ,  f t / s ec .  
2 
A = cross sectional area,  in. f t  
The ve loc i ty  of the  air i n  various sec t ions  of t h e  tubing i s  shown 
i n  Table I .  
-41- 
The pressure drop w a s  calculated from the following equation: 
where 
f = f r i c t i o n  f a c t o r  
= densi ty  
v = veloc i ty  
g = grav i t a t iona l  constant - 32.3 f t / s e c  
L = length of tube 
2 
D =; hydraulic diameter 
c ross  sec t ion  of stream 
wetted perimeter of duct D = ~ x  
F r i c t ion  f ac to r  ( f )  w a s  obtained from Glasstone, "Principles  of Nuclear Reactor 
Engineering" pg . 688. 
The t o t a l  estimated pressure drop, i n  the var ious sec t ions  as shown i n  
Table I ,  i s  only a few ps i  and w e l l  within the ava i lab le  shop a i r  pressure.  
Calculat ions f o r  the e x i t  a i r  temperature shows t h a t  the  temperature rise i s  
within the  assumed 100°F. 
Thus, the  ion pump and the  high poten t ia l  dc lead  can be cooled with forced 
0 a i r  within a 100 F temperature rise and a few p s i  pressure drop f o r  the  a i r ,  as 
long 
minimize heat t r a n s f e r  by rad ia t ion .  
as the  a i r  pipe within the  lOOO'F environment is  adequately shielded to  
-42- 
TABLE I 
DATA OBTAINED FOR A I R  F L O W  THROUGH SYSTEM SHOWN IN FIGURE 4 
219.0 'r 4 119.4 24 0
2 
Afv L 
Apf D.144 
--  
c, 
+I 
k 
a, 
c, 
a, 
E 
Ed 
a 
0 
d 
ri 
k a 
h 
G 
i 
. 
2 
n 
.025 
.0025 
.0025 
.0279 
3 
Q = .121 lb/ft 
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-5 p 1.39 x 10 lb/ft-sec. 
APPENDIX C 
DETERlYIINATION OF OPENING TIME FOR AC VAcuuld CIRCUIT BREAKER 
The ca lcu la t ions  t o  determine total t i m e  f o r  the  breaker from col lapse  
of t h e  solenoid c o i l  f i e l d  u n t i l  contacts pa r t  0.020" is  given below: 
=Moving mass beIore contacts  p a r t .  Ml 
M2 = Additional moving mass a f t e r  contac ts  p a r t .  
M Includes: 1 
Flexure and Spring Retainer 
Toggle 
Armature 
Coup1 ing  
S t e m  
Retainer 
Counter Weight 
Flexural Pivot 
M1 - TOTAL WEIGHT 
M Includes: 2 
Pounds 
0.92 
0.05 
1.11 
0.16 
0.13 
0.12 
1.45 
~ 
Dish 
Guard 
Upper Flange 
Contact 
Radiator 
Wipe Spring 
Insu la to r  
Copper Washer 
M2 - TOTAL WEIGHT 
-44- 
.04 
.65 
.21 
1.08 
.16 
.34 
2.61 
To determine tl, which i s  the  t i m e  between col lapse of t h e  closing 
coil  magnetic f i e l d  and par t ing  of the contacts:  
and : 
- 4.08 lbs = .126 slugs 
M1 - 32.2 
F a, and a = - 5 F = -  
"9 32.2 
S = 1/8" o r  1/96 f t  . 
F1 = Fw + Fo - FA 
\ 
(Force of atmosphere on ,e l loas) .  
(Average force of wipe spring). F = 40 
FA = 6 
W 
3s. 
(Average force of 3 opening springs).  Fo = 71.43 
F = 40 + 71.43 - 65 = 46.4 1 
Then : 
96 x 46.4 4450 
-3 = 7.46 x 10 = 7.56 Milliseconds 
To determine t which is t h e  time t o  open the  contacts  0.020": 
2' 
2 
1/2 a2t2 + V 2 t 2  - S2 = 0 
and : .-. 
v2 2 -\/v2" + 2a2 s2 
- -  
2 t2 - a 
-45- 
- 2.61 lbs = .081 s lugs 
IyI2 - 32.2 
i i  MIV1 = (Ml + Id2) V2 and V2 = M + Id2 1 
2 - *126 2*78 = 1.7 f t / s ec  
'2 - .126 + ,081 
6.4 2 - - = 30.9 f t / s e c  a2 - -207 
S2 = .020" (Contact gap equal t o  t w i c e  length required t o  extinguish arc). 
-3 s2 = - f t .  = 1.66 x 10 f t .  
12 
Thus: 
2 
j 1 . 7  + (2 x 30.9 x 1.66 x 
30.9 t2 = - 1.7 + - 
12.9929 = 0.938 x 10  -3 = -938 mill iseconds 1'7 2 30.9 t2 = - 
Total t i m e  equals tl + t2 = 7.56 + .938 = 8.59 milliseconds. 
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DRAFT TEST SPECIFICQTION 1 Switchgear TS # 7 
E l e c t r i c a l  Switchgear f o r  Space Nuclear E l e c t r i c a l  Systems 
VPa w ms W O  
Check-Out of Special  High Temperature Oven NAS 3-6467 
oem# or w - Wt*, .rDo *V 
G. E. Co., Evendale - Building # 700 - SPPS 
I. 
11. 
111. 
IV. 
Special  High Temperature Oven - Drawing # 246R863 
Place completely assembled oven i n  vacuum tank, evacuate t o  10 Torr, and raise 
temperature of'oven surface facing ins ide  space t o  1150°F, holding t h i s  value for 48 
hours. 
-6 
Special  oven w i l l  be t e s t ed  i n  Varian ultra-high vacuum tank designated CIV. ntewo- 
couples t o  be Platinum/Platinum Rhodium. 
be connected t o  2000 cycle  power from Behlman u n i t  and s t e p  down transformer. 
High current  conductor and "dummy" load to 
Assemble oven i n  tank a f t e r  thorough cleaning and o ther  preparation t o  mount themo- 
couples on oven per drawing 941D631 and on high current  conductor per  Engineering 
in s tv l c t ions .  Connect t o  feed-thrus per same drawing. Check out operation of a l l  
lamps and thermocouple recording equipment. C l o s e  tank and evacuate while r a i s ing  
tank and oven temperature t o  obtain Torr pressure.  Constantly monitor thermo- 
couples,  maintain 600 ampere flowing i n  power test conductor, and continue test u n t i l  
s t a b l e  conditions with oven surface facing ins ide  space has been a t  1150t F for 48 
hours. Shut down test ,  and prepare to  set up f o r  heat run test TS # 1. 
0 
12/10/6 
DRAFT TEST SPEC1 FICa TION I Switchgear - TS # 1 
E l e c t r i c a l  Switchgear f o r  Space Nuclear E l e c t r i c a l  Systems 
*# w TesT - M a  
Heat Run - Design Evaluation T e s t  N A S  3-6467 - gr TesT +yuw (CIW. .rDQ .V 
E .  E. c+- .  E v e n d a l e ,  O h i o  - Bldg. # 700 - SPPS 
I. 
I I  i 
111. 
IV. 
AC Vacuum Ci rcu i t  Breakers r a t ed  1 phase, 1000 v o l t s ,  600 A, 2000 cps. 
Place Breaker i n  an environment of 1000 F ,  10  Torr (or lower) pressure,  and measure 
temperature rise while carrying up t o  600 A continuously u n t i l  a steady state condition 
i s  observed. Record temperature of c r i t i c a l  p a r t s  and current  with 200, 400, and 600 A 
0 -6 
U n i t s  t o  be mounted i n  spec ia l  oven,Drawing # 246R863, and placed i n  high vacuum chambe. 
designated CIV. Power f o r  t e s t  current supplied by spec ia l  high current  transformer 
from Behlman high frequency e lec t ronic  generator.  Thermocouples t o  be Platinum-Platinui 
Rhodium with automatic reading of values on Honeywell recorder along with current  
measurements . 
T e s t  Procedure 
A. Set-Up 
1) Attach thermocouples t o  show v i t a l  hot spots  on accessible  points  of Breaker 
as shown on d e t a i l  sketch. 
NOTE: A t o t a l  of 20 thermocouples w i l l  be used f o r  the  AC Breaker with 3 on 
the actuator  and 16 on the interrupter ,and 1 on the  ion pump m a g n e t .  
All leads must be twisted while i n  high frequency f i e l d .  
2 )  Connect Breaker t o  a p a i r  of high current  feed-thrus, using co-axial copper bu 
provided by Engineering. A l s o  connect the f loa t ing  sh ie ld  of the breaker t o  
a 5A, 7-9 IW feed-thm conductor. 
high current  transformer, permitting cur ren t  adjustment and high voltage 
t e s t i n g .  
previous ca l ib ra t ion ) .  
3) Outside terminals of high current feed-thrus a r e  to be c lose ly  connected to  th 
4) U s e  primary current  measurement a s  an ind ica t ion  of the high current  ( f r o m  
B. Heat Run 
1) Connect the  Breaker power feed-thrus i n  series with the  high cur ren t  t rans-  
former. The primary of t h e  transformer w i l l  be supplied by the Behlman var- 
i a b l e  frequency power u n i t ,  set a t  2000 cps. 
a vol tage measurement which w i l l  be p lo t t ed  on the  automatic recorder with the  
Dc current  and a l l  thermocouple values.  
3) Raise voltage (and cur ren t )  i n  s t eps  of 2 0 0 A . .  holding each value u n t i l  temper 
a tu re  i s  constant with the  oven a t  1000°F. 
4) At the  conclusion of t he  Heat Run, make High Voltage Leakage test (Refer to 
T e s t  Specif icat ion # Switchgear - TS # 3). 
2 )  U s e  c a l ib ra t ed  ammeter su i tab le  f o r  the  frequency t o  measure cur ren t  and then 
12/9/65 
V r t l  Dllrl 
APP3NDIX D-3 
DRAFT TEST SPECIFICFITION 
I--. ----- --- 
Iswitchgear TS # 2 
E l e c t r i c a l  Switchgear f o r  Space Nuclear E l e c t r i c a l  Systems 
wum Qc n m  - Ma. 
H e a t  Run - Design Evaluation T e s t s  NAS 3-6467 
aca” 0 m Lnur* Ccctw, .rDo *V 
G.E .  Co.. Evendale. Ohio - Bldg. # 700, SPPS 
One DC vacuum contactor  r a t ed  s ing le  p o l e ,  10  A., 10 KV. 
Place contactor  i n  an environment of 1000 F, 10 Torr (or  lower) pressure,  and 
measure temperature rise while carrying 10 amperes continuously. 
0 -E 
Unit to  be mounted i n  spec ia l  oven Drawing # 246R863 and placed i n  high vacuum chamber, 
designated CIV. Current f o r  test supplied by DC r e c t i f i e r  power supply from AC input .  
Tkc A-mocouples t o  be Platinum-Platinum/ELhodium, with automatic reading of values ,  along 
with cur ren t  measurement. 
T e s t  Procedures 
A) Set-Up 
1) Attach 12 thermocouples to  measure the  enclosing s h e l l  pump, and mechanism 
temperature. Few thermocouples w i l l  be placed on l i v e  p a r t s ,  a s  t he  r i s e  with 
10  amperes DC flowing should have minimum e f f e c t  on the  temperature, and over- 
a l l  temperature only w i l l  be monitored. Refer t o  d e t a i l  sketch f o r  thermo- 
couple locat ions.  
Connect the terminals t o  pa i r s  of 5A., 1 KV feed-thru leads  with # 12 copper 
conductors. Connect the  external  feed-thru terminals to the  DC power supply, 
with provisions f o r  current  measurements. 
2) 
3 )  Attach a w e l l  insu la ted  (ceramic beads) (25 KV) small (# 14) l ead  from t h e  
f l o a t i n g  sh ie ld  on the contactor t o  t h e  25 KV feed-thru, f o r  use  i n  the  H i -  
Po ten t ia l  Leakage T e s t .  
B) Heat Run 
1) Connect the  contactor t o  the 10  A DC power supply, a t  the feed-thms.  U s e  an 
ammeter t o  measure the current ,  and a s e r i e s  r e s i s t o r  t o  provide a vol tage 
measurement which w i l l  be recorded on the  automatic equipment along with a l l  
thermocouple values.  
2) Raise current  to  10 amperes, and maintain t h i s  value during the hea t  run test. 
3)  A t  the  conclusion of the Heat Run, make High Voltage Leakage T e s t  ( r e f e r  t o  
T e s t  Specif icat ion # Switchgear - TS # 4) .  
12/9/65 
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Switchgear 
Acoustic Exci ta t ion NAS 3-6467 
QqtwoT8st-c  em. LOQ *v 
I. Sample is  DC Vacuum Contactor rated 10 KV., 10 amps. Overall s ize:  22" long x 8-1/2- 
zauinlrm diameter of mounting plate. See drawing 422D130. 
11. M a k e  acous t ic  exe i t a t ion  test with sample suspended from the  c e i l i n g  at a loca t ion  
which w i l l  provide a t o t a l  i n t e n s i t y  of 148DB. Duration of the  test w i l l  be 5 minutes 
w i t h  pressure l e v e l  recorded i n  a Bruel Kjaer sound pressure l eve l  recorder.  A 
to le rance  of + 3 DB i s  required over the range of 1/3 octane center  band frequency 
f r o m  20 t o  2000 cps. 
NOTE: 1 2  Volts DC w i l l  be used t o  energize the launch latch device during these tests 
111. The acous t ic  test f a c i l i t y  cons i s t s  of a Noise Unlimited Model 204 broadband random 
noise  generator rated at  5000 acoustic watts and a 120 cu. f t .  reverberant acoust ic  
t e a t  chamber. 
The noise  f i e l d  wi l l  be monitored and analyzed w i t h  a Bruel and Kjaer 4133 microphone, 
2111 Audio Frequency Spectrometer and 2305 Level Recorder. 
IV. The contactor  rill be suspended on e l a s t i c  shock cord and i n s t a l l e d  i n  the acoust ic  
test chamber. 
The broadband random noise  generator w i l l  b 
presmare l e v e l  of 148 db re 0.0002 dynes/cm . The spectrum w i l l  cons i s t  of broadband 
random noise  from 20 t o  9600 cps. 
turned on providing an average sound 8 
A rpectrum analyeits w i l l  be made a t  start of test and after 4 minutes running t i m e .  
After 5 minutas running t i m e ,  the acoustic environment w i l l  be shut down. 
After t h e  acous t ic  test, the contactor w i l l  be checked v i sua l ly  f o r  degradation, and 
then checked on t he  bench f o r  normal operation. 
APPENDIX D-5 
Sui t  chge ar 
v u - -  COuTenm w* 
NAS 3-6467 Acceleration 
o#low 0 mu - CtBrr. wq) w 
I. 
11. 
111. 
I V  
maximum diameter of mounting p l a t e .  
Make acce lera t ion  test w i t h  sample mounted i n  s i x  (6) pgsi t ions:  
1) In  l i n e  with axis of arm and w i t h  top of mechanism facing away from center  
point of arm. 
2) same as (1) except turned l 8 O o  - mechanism facing center  of arm. 
3) 90° t o  axis of arm, w i t h  magnetic l a t c h  toward center  point of arm. 
4) Same as (3) except rotated 90° clockwise. 
5) Same a s  (3) except ro ta ted  180° and magnetic latch away from center  of arm. 
6) Same as (3) except rotated 90° counterclockwise. 
U s e  on acce lera t ion  gradient to  obtain a maximum of 7 "G" a t  any point on Breaker. 
The durat ion of the test i n  each posi t ion w i l l  be 15 minutes. No special in s t ru -  
mentation. Observe i f  Breaker i s  tripped open during any of the tests. Check before 
and a f t e r  eacfi t e a t  t o  detect any permanent deformation of par t s .  
NOTE: 
The test w i l l  be performed on a Genisco, Model E-185 Accelerator. 
capable of 30,000 C-pounds, maximum and is housed i n  a spec ia l ly  b u i l t  p i t  f o r  g rea t e r  
operat ing e f f ic iency  and safe ty .  
A t e a t  f i x t u r e  rill be designed and fabricated t o  mount t he  Vacuum Contactor such 
tb t  the  longi tudinal  ax i s  is  i n  l i n e  w i t h  the  arm of the acce lera tor  as described 
i n  Paragraph I1 l), above. In  t h i s  posit ion,  t he  top of the mechanism (facing away 
from t h e  center )  rill be subjected t o  a load of 7.0  G ' s ,  and the  base of the contactor  
( facing toward the center  of the  acce lera tor )  w i l l  be subjected t o  a load of 5.3 G's. 
These loads w i l l  be held f o r  15  minutes. The breaker w i l l  then be checked f o r  de- 
gradation. 
t o  a load of 7.0  G's. 
The test f i m ' r e  u t i l i z e d  i n  t he  longi tudinal  ax i s  test w i l l  be ro t a t ed  90° t o  provide 
t h e  required se tup  noted i n  Paragraph I1 3) above, where the sample is  90° t o  the  
acce le ra to r  arm. 
cen te r  of  t h e  acce lera tor  w i l l  be subjected t o  a loading of 7 . 0  G ' s  and the inner  
sur face  t o  approximately 6.2 G ' s .  These loads w i l l  be held f o r  15 minutes. The con- 
t a c t o r  w i l l  then be checked f o r  degradation. 
For tests 4, 5, & 6 the contactor w i l l  be ro t a t ed  i n  the  f i x t u r e ,  so that  during test 
t h e  edge farthest f r o m  the center  of the acce lera tor  w i l l  be subjected t o  7.0  G's. 
Each test w i l l  run f o r  15 minutes, a f t e r  which the sample w i l l  be checked f o r  degrada- 
t ion.  
After the acce lera t ion  tests are complete the sample w i l l  be bench tested f o r  operation 
See drawing 422D130. 
-
12 Volts DC w i l l  be used t o  energize the launch l a t c h  device. 
This f a c i l i t y  is 
For test 2),  the sample rill be ro ta ted  180°, so the  base w i l l  be subjected 
r 
In this  posi t ion,  the edge of the contactor  f a r t h e s t  away from the  
* 
__ 
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